Introduction
Non-small cell lung cancer (NSCLC) which comprises about 85% of all lung cancers is one of the most common causes of malignancy-related death in developed countries [1, 2] . Smoking is the leading risk factor for developing lung cancer, but not all of the smokers develop cancer, suggests that environmental and genetic factors contributes to the risk of cancer development [3] . Although new techniques are developed to detect lung cancer at an early stage, the prognosis is still poor [4] . Hence, development of new therapeutic strategies is still a need for achieving better survival rates.
Clinical course of NSCLC can highly differ from patient to patient within same stage and between different age groups. The wide variation in the clinical behavior of similar tumors is related to the difference in the genetic code that underpins the biology of these tumors. Therefore, comprehensive genomic profiling may play a pivotal role in identifying these leading genomic alterations. They could potentially be targeted by molecular agents, which would undeniably change the poor outcome of this devastating disease [5] .
Over activation of phosphoinositide 3-kinase (PI3K)/ protein kinase B (AKT), the mechanistic target of rapamycin (mTOR) pathway, plays a pivotal role in tumor growth, invasion, and angiogenesis [6] . AKT is an upstream positive regulatory of the mammalian target of rapamycin (mTOR). In fact, mutation and alteration of gene expressions involved in PI3K/AKT/mTOR pathway are shown to contribute NSCLC development [7] .
The key downstream molecular target of PI3K/AKT/ mTOR pathway is mTOR [8] . The aberrant expression of mTOR was previously shown in NSCLC [9] . Activation of mTOR results in elevated protein synthesis and G1 cell cycle progression [10] . Furthermore, it was reported that inhibition of mTOR leads to suppression of cyclin D1 and consequently, inhibition of proliferation [11] .
The goal of this study was to compare mRNA expression of AKT1, mTOR, and CCND1 (cyclin D1) genes in matched normal and malignant NSCLC tissue samples. Moreover, we also aimed to determine mRNA expression profile of these genes in different pathological stages and histological types of NSCLC.
Materials and Methods

Patients Characteristics
The study population consisted of 44 newly diagnosed patients with non-small cell lung carcinoma (NSCLC) who underwent curative surgical treatment between March 2011 and December 2011 at Gazi University Thoracic Surgery Department. The study protocol was approved by the Local Ethics Committee of Gazi University Faculty of Medicine and written informed consents were obtained from all patients. The exclusion criteria were, received neoadjuvant treatment (chemotherapy or radiotherapy), radiologic tumor size < 2 cm and tumors which occupy nearly all of the resection material (there is almost no grossly normal tissue). Just after the surgical resection (lobectomy or pneumonectomy) matched tumor and adjacent normal (at least 4 cm apart from the tumor) tissue samples were collected from the resection specimen. The fresh specimens were cut into ∼1 g pieces in operation room and frozen in liquid nitrogen. Then, tissue samples were immediately transferred to -80 °C freezer. All tumor specimens were confirmed by histological examination to contain at least 70% of neoplastic tissue, while all macroscopically normal tissue samples were confirmed to be "normal" by the same pulmonary pathologist.
RNA extraction
Total cellular RNA was extracted using peqGOLD TriFast™ reagent (Peqlab, Erlangen, Germany) according to the supplier's recommendations. Tissue samples were placed in 1 mL Trizol and homogenized using an Ultra Turrax® T10 homogenizer (IKA Werke GmbH & Co. KG, Staufen, Germany). To remove potential traces of DNA, total RNA samples were incubated with DNase (DNaseI, Roche Diagnostics, GmbH, Mannheim, Germany) for 30 min at 37 °C. Then, all samples were washed with 75% ethanol and resuspended in sterile RNase-free H2O. RNA samples were kept at -80 °C until further analysis. Nanodrop spectrophotometer (NanoDrop ND-1000, Montchanin, DE, USA) was used for measuring RNA concentration precisely.
Complementary DNA (cDNA) Synthesis
Transcriptor First Strand cDNA Synthesis Kit (Roche Diagnostics GmbH, Mannheim, Germany) was used to reverse transcribe cDNA from 1 μg of RNA by the help of random hexamer primer. cDNA reactions were carried out in an Eppendorf Mastercycler EP gradient S thermal cycler (Eppendorf, Hamburg, Germany). Then, all samples were stored at -20 °C until assayed.
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Analysis of Gene Expression by mRNA
Gene-specific intron spanning primer pairs and their appropriate probes were chosen relevant to the Universal Probe Library (UPL) Assay Design Center (https:// www.universalprobelibrary.com). Primers sequences of the studied genes and UPL probe numbers were listed in Table 1 . The crossing points (Cp) were calculated for each transcript using the Light Cycler®480 instrument (Roche Diagnostics GmbH, Mannheim, Germany). Quantitative real-time PCR (qPCR) conditions were as follows; 50 cycles, kept at 95 ºC for 15 seconds and at 60 ºC for 20 seconds and then the samples were cooled to 40 ºC. Gene expression levels of the studied genes were normalized to the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH). All qPCR reactions were repeated three times. 
Statistical analysis
Relative gene expression results of AKT1, mTOR and CCND1 genes were compared through "REST (2009 V2.0.13)" software using "Pair-wise Fixed Reallocation Randomization" statistical analysis test [12] . The P < 0.05 was considered to be significant.
Results
The details of the patient characteristics are presented in mRNA expression levels of AKT1 in the tumor tissue was 1.1 times higher than in the matched normal lung tissue, but this increase was not significant (P > 0.05). On the other hand the mRNA expression level of mTOR gene was elevated by 2.5 fold (P < 0.05) in tumor tissue when compared to matched normal lung tissue. Also there was a 1.2 fold increase in the expression level of CCND1 in tumor tissue when compared to the matched normal lung tissue, and this increase was not also significant (P > 0.05). mRNA expression levels of studied genes were demonstrated in Figure 1 . The subtype analyze according to the histologic type of NSCLC revealed statistically significant elevation of mTOR mRNA expression (3.6 fold) in adenocarcinoma (ADC) (P < 0.05) (Figure 2) . A slight upregulation of mTOR expression levels is also found in squamous cell carcinoma (SCC) but this increase was not statistically significant (P > 0.05). We failed to find significant differences in AKT1 and CCND1 expression levels among these two histologic types (P > 0.05). mRNA expressions of studied genes were also analyzed in accordance with pathological stage. mRNA expression levels of mTOR in stage 1 tumors were 2.8 times higher than in the matched normal lung tissue (P < 0.05) ( Figure 3A) . More detailed analysis revealed that there was a 9.8 fold increase in the expression level of mTOR in stage 1A tumors, when compared to match normal lung tissue (P < 0.05). Two other studied genes, AKT1 and CCND1 were also upregulated 3.7 and 2.6 fold times, respectively (P < 0.05) ( Figure 3B ). We also found important changes (range 1.9-3.5 fold) for mTOR mRNA expression in other stages between tumor tissue and matched normal lung tissue, but these differences did not make statistical significance (data not shown). 
Discussion
NSCLC accounts for 85% of all lung cancers, which adenocarcinomas and squamous cell carcinomas constitute approximately 80% of this type of lung cancer [13] . It is accepted that, the successful discovery, validation and implementation of specific molecular markers for early diagnosis and subsequent timely clinical intervention could vastly improve the appalling mortality rate for this devastating cancer [14] .
Yue et al. showed an elevated mRNA expression levels of AKT1 gene, as compared to adjacent-tumor tissue [15] . In the present study, the expression of AKT1 mRNA was increased in the tumor tissue as compared to matched normal tissue, but the upregulation was not statistically significant. However, the analysis according to tumor stage showed that mRNA expression level of AKT1 gene elevated by 3.7 fold in stage 1A tumors. No significant differences were found in AKT1 mRNA expression levels among the two histologic subtypes of NSCLC. Up to our knowledge, this is the first study to show the mRNA expression levels of AKT1 in NSCLC in Turkish population.
While there is only one study about AKT1 mRNA expression in NSCLC, several studies were already conducted to analyze mTOR mRNA expression levels in patients with NSCLC. With regard to mTOR expression, it was reported that there was an up-regulation in the expression level of mTOR in tumor tissue as compared to adjacent-tumor tissue [15] . Similarly, Wang et al. showed that mRNA expression levels of mTOR in the tumor tissue were outstandingly higher than in adjacent-tumor tissue [16] . Moreover, Liu et al. reported that mTOR mRNA expression was elevated in tumor tissue as compared to matched normal tissue [9] . These results are similar to our study and show the contribution of mTOR signaling pathway in the development of NSCLC. As far as we know, the current study is also the first to measure mTOR mRNA expression in the tissue samples of NSCLC patients in the Turkish population. We showed an upregulated mTOR mRNA expression levels by 2.5 fold in tumor tissue, when compared to match normal lung tissue.
On the other hand, a previous study has failed to find association between the mRNA expression level of mTOR gene and pathologic type [16] . Similarly, another study showed that the mRNA expression of the mTOR gene tended to increase in patients with advanced stage (stage III) NSCLC, however, this elevation did not reach statistical significance (9) . Conversely, we found a relation between upregulated mRNA expression levels of mTOR in stage 1 tumors. We also showed that mRNA expression level of mTOR gene is elevated by 3.6 fold in ADCs.
Detecting of increased mRNA expression levels in stage 1A; a 3,7 fold for AKT1 and a 9,8 fold for mTOR gene, our study suggests that there might be other genes activating mTOR besides AKT1.
Li et al. showed that total CCND1 and its two splice variants (CCND1a and CCND1b) mRNA expression levels were elevated in tumor tissue as compared to nonmalignant tissue at both mRNA and protein levels [17] . In the present study, the level of CCND1 mRNA expression was higher in the tumor tissue than in matched normal lung tissue, but the increase was not statistically significant. Li et al. also demonstrated a relationship between mRNA expression levels of total cyclin D1 and tumor stage of the patients [17] . We found that mRNA expression level of CCND1 gene elevated by 2.6 fold in tumor tissue of stage 1A, when compared to match normal lung tissue. No significant differences were found in CCND1 mRNA expression levels among the two histologic types of NSCLC. According to our knowledge, this is the first study to examine the mRNA expression levels of CCND1 in NSCLC in Turkish population.
Although carcinogenetic effect of smoking habits on lung cancer development is shown via the AKT/mTOR pathway, we are not able to carry out a formal comparison due to the limited number of non-smokers in our study [3] . We believe that further studies with larger number of patients should be conducted to demonstrate such a relation.
Following mTOR-siRNA transfection of NSCLC cells, the suppression of cell proliferation, migration and induction of apoptosis were observed [18] . Hence, RNA interference (RNAi)-mediated transcriptional gene silencing might result in more promising patients' outcome instead of blocking the action of the protein.
The main limitations of our study are the relatively small number of cases and the uneven distribution of female patients as compared to males. But in our country lung cancer incidence is nearly 10 times higher in males and we think our study is truly reflecting Turkish population. Due to freshly resected samples included this study and short patient follow up period; it is not possible to determine the association of mRNA expression of mTOR and prognosis.
As a conclusion detection of aberrant mRNA expression profiles in freshly resected tumor tissue could be helpful to determine real molecular target. Thus, with the selection of patients according to their molecular signature is crucial for achieving the aim of personalized medicine. We can speculate that, inhibition of mTOR gene expression may be used to prevent tumor development because of the presence of higher mTOR mRNA expression at earlier stages of tumor tissues. Short interfering RNA (siRNA)-mediated degradation of mTOR mRNA before translation might take into consideration another therapeutic approach for treatment NSCLC patients. We think this study will be a guide to other researchers who will plan a study on Turkish population. But further studies with larger number of patients should be planned to achieve more definite conclusions.
